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Background: There are multiple reviews on cardiovascular aspects of COVID-19 disease on cardiovascular sys-
tem in different population but there is lack of evidence about cardiovascular adverse effects of COVID
vaccines.
Objectives: The purpose of this study was to compare the cardiac complications of COVID19 vaccines, based
on vaccine type (mRNA, vector-based, and inactivated vaccines).
Methods: A systematic search was performed covering PubMed for English case-reports and case-series stud-
ies, and finally 100 studies were included.
Results: Myocarditis (with overall rate around 1.62%) was shown to be the most common post-COVID19
immunization cardiac event. More than 90% of post-COVID19 vaccination myocarditis occurred after receiv-
ing mRNA vaccines (Moderna & Pfizer-BioNTech), but the report of this event was less in the case of vector-
based vaccinations and/or inactivated vaccines. Myocarditis was reported more commonly in men and fol-
lowing the second dose of the immunization. Takotsubo cardiomyopathy (TTC) was reported after mRNA
(more commonly) and vector-based vaccinations, with no case report after inactivated vaccines. When
mRNA and vector-based vaccinations were used instead of inactivated vaccines, a greater frequency of vac-
cine-induced thrombotic thrombocytopenia (VITT) and pulmonary emboli (PE) was reported. Myocardial
infarction/cardiac arrest was recorded in those beyond the age of 75 years.
Conclusion: The personal and public health benefits of COVID-19 vaccination much outweigh the minor car-
diac risks. Reporting bias, regarding more available mRNA vaccines in developed countries, may conflict
these results.

© 2023 Elsevier Inc. All rights reserved.

Introduction

adenoviral vector vaccine: Ad26.COV2.S (Johnson & Johnson/Janssen),
AZD1222 (Oxford-AstraZeneca/Covidshield) and the inactivated vac-

The new coronavirus is known as “Severe Acute Respiratory Syn-
drome Corona Virus 2 (SARS-CoV2)”, responsible for COVID-19 dis-
ease originated in China in 2019 and rapidly became a pandemic.
Soon after vaccination was started and till now, 38 types of vaccines
are approved in different countries.' > The development of an effec-
tive vaccine against the SARS-CoV-2 virus that causes COVID-19 dis-
ease has been proven to be a vital tool in controlling the high
pandemic’s spread and its enormous effects.” Multiple coronavirus
vaccines are currently being developed, including the mRNA-1273
(Moderna), mRNA vaccines BNT162b2 (Pfizer-BioNTech/Comirnaty),
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cines: CoronaVac (Sinovac Bio (Sputnik V) and WIBP | BBIBP-CorV
COVID-19 vaccine (Sinopharm).”

Safety monitoring is an important part of ensuring comprehensive
and effective vaccination.® Safe and effective vaccination is vital to
eliminating the SARS-CoV-2 pandemic; however, a substantial num-
ber of patients have underlying cardiovascular disease and/or risk
factors for heart disease. There are multiple reviews on the effects of
COVID-19 disease on the cardiovascular system in different popula-
tions but there is a lack of evidence about the cardiovascular adverse
effects of COVID vaccines."> Some significant cardiovascular adverse
effects are linked to COVID-19 immunization, such as the develop-
ment of myocarditis, pericarditis, or peri myocarditis.>’~!? Because
of the small sample size, tight inclusion criteria, short follow-up peri-
ods, and trial participants who may not be the same as the general
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population who will receive the vaccination, rare or serious vac-
cine effects may be undetected in phase 3 trials.'* Although peri-
carditis and myocarditis were not reported as side effects in
COVID-19 vaccine in clinical trials, there have been multiple
reports of probable cases in the general population following
immunization.'” Systematic reviews of case reports are used to
summarize current scientific knowledge about rare events.'” It
has been believed that in the case of relatively rare events such
as cardiovascular-related side effects of COVID-19 vaccines, case
reports and case series studies may provide important evidence
for systematic reviews. Hence in the present systematic review,
we aimed to collect and analyze the case-report and case-series
studies on all types of commonly used mRNA, vector-based and
inactivated COVID-19 vaccines to compare cardiovascular adverse
effects between different types of these vaccines.

Methods

PRISMA 2020 standards for reporting systematic reviews and
meta-analyses were followed in this study.!® All three
writers conducted and assessed the initial search, screening, and
eligibility of the publications, and any disputes were handled by
consensus.

Literature search

We performed a search on PubMed for articles reported cardiac
complications of mRNA vaccine: BNT162b2 (Pfizer-BioNTech/Comir-
naty) and mRNA-1273 (Moderna), and Vector vaccine: AZD1222
(Oxford-AstraZeneca/Covidshield), Ad26.COV2.S (Johnson & Johnson/
Janssen), Gam-COVID-Vac (Sputnik V), and JNJ-78,436,735 (Johnson
& Johnson). The search strategy in PubMed was as follows:

((*vaccine*"|Title/Abstract]))) OR (Vaccines[MeSH Terms])) OR (jab
[Title/Abstract])) OR (Immunization|Title/Abstract])) OR (Immuniza-
tion[MeSH Terms])) OR (Vaccination[MeSH Terms])) OR (Vaccination
[Title/Abstract])) OR (injection|Title/Abstract])) OR (injections|MeSH
Terms])) OR (BioNTech[Title/Abstract])) OR (Pfizer[Title/Abstract])) OR
(Comirnaty[Title/Abstract])) OR (BNT162b2[Title/Abstract])) OR
(“BNT162 Vaccine”[Title/Abstract])) OR (“BNT162 Vaccine”[MeSH
Terms])) OR (Moderna[Title/Abstract])) OR (“mRNA-1273"[Title/
Abstract])) OR (“2019-nCoV Vaccine mRNA-1273"[MeSH Terms])) OR
(“2019-nCoV Vaccine mRNA-1273"[Title/Abstract])) OR (“mRNA Vac-
cines”[Title/Abstract])) OR (“Johnson & Johnson”[Title/Abstract])) OR
(Janssen|Title/Abstract])) OR (AstraZeneca|Title/Abstract])) OR (“ChA-
dOx1 nCoV-19”[Title/Abstract])) OR (“ChAdOx1 nCoV-19”[MeSH
Terms])) OR (AZD1222[Title/Abstract])) OR (Vaxzevria[Title/Abstract]))
OR (Covishield[Title/Abstract])) OR (“Sputnik V”[Title/Abstract])) OR
(“Gam-COVID-Vac[Title/Abstract])) OR (“Gam-COVID-Vac vaccine”[-
Title/Abstract])) OR (“Gam-COVID-Vac vaccine”[MeSH Terms])) OR
(“JNJ-78,436,735"[Title/|Abstract])) OR (Ad26COVS1[Title/Abstract]))
OR (Ad26COVS1[MeSH Terms])) OR (“Ad26.COV2.S"[Title/Abstract]))
OR (Janssen|Title/Abstract])) OR (“Adenoviral vector”[Title/Abstract]))
AND (heart[Title/Abstract]))) OR (myocardial*[Title/Abstract])) OR
(cardio*[Title/Abstract])) OR (coronary*|Title/Abstract])) OR (vascu*
|Title/Abstract])) OR (“myocardial infarction”[Title/Abstract])) OR
(“myocardial infarction”[MeSH Terms])) OR (heart[MeSH Terms])) OR
(Cardiovascular[Title/Abstract])) OR ("Cardiovascular System"[MeSH
Terms])) AND (“adverse events”[MeSH Terms]))) OR (“adverse even-
ts”[Title/Abstract])) OR (“adverse effects”[Title/Abstract])) OR
(“adverse effects”[MeSH Terms])) OR (“side effects”[MeSH Terms]))
OR (“side effects”[Title[Abstract])) OR (“Complications”[Title/
Abstract])) OR (“Complications”[MeSH Terms]) AND LitCCASEREPORT
[filter])). We used a predefined filter of PubMed for identifying case
report studies on COVID-19 regarding our search term.

Eligibility criteria and study selection

After the initial search, duplicate entries, reviews, clinical studies,
clinical trials, and full-text articles that were unavailable were elimi-
nated. We considered English case reports and case-series studies.
Then, based on the title and abstract, the article records were evalu-
ated and excluded if they had an unsuitable correlation with the cur-
rent study keywords. The full-text papers were then evaluated for
qualifying criteria (Table 1). Fig. 1 shows the study selection process.

Results and discussion

A total of 100 case reports or case series which reported cardiac
complications after COVID-19 vaccination were included.'”~''” The
manifestations, treatment, and outcomes of cardiac complications of
COVID-19 vaccination, are summarized in Table 2.

Myocarditis/ pericarditis/ myopericarditis

Myocarditis is defined as inflammation of the heart muscle (myo-
cardium). Inflammation happens when the immune system responds
to internal or external stimuli for example viral infections as well as
more systemic inflammatory illnesses including autoimmune disor-
ders."'® In myopericarditis, chest pain, increased levels of cardiac
enzymes and electrocardiographic changes occur. Pericarditis is a
somewhat prevalent cause of chest pain, and around 5% of all hospi-
talizations for chest pain are due to pericarditis.''® Myocarditis has
been reported as a major side effect of these vaccines; however, the
overall rate of post-COVID19 vaccination-myocarditis is around
1.62% which is very small.!2°~122

mRNA vaccines

A study by Abu Mouch et al. reported 6 cases of myocarditis (5
cases after the second dose and 1 case after the first dose) with no
evidence of COVID-19 infection, which occurred shortly after the
mRNA vaccine Pfizer/BioNTech BNT162b2 injection. In their study,
the diagnosis of myocarditis was established after cardiac MRI and all
6 cases were male.”? Another study by Al-Rasbi et al. in Oman also
reported a case of a 37-year-old male subject with myocarditis, who
presented with pulmonary edema. He demonstrated severe multisys-
tem involvement including thrombocytopenia, rhabdomyolysis, pul-
monary hemorrhage, and non-oliguric acute kidney injury after the
BNT162b2 mRNA vaccine.>® Alania-Torres et al. reported another
case of myocarditis in patients with arrhythmogenic left ventricular
cardiomyopathy (ALVC) after mRNA vaccination against COVID-19.%°
A case of fatal fulminant necrotizing myocarditis also has been
reported in New Zealand for a 57-year-old female, after receiving the
first dose of the Pfizer-BioNTech vaccine.*® A study from Korea
reported a 22-year-old man who developed myocarditis 5 days after
the first dose of the BNT162b2 mRNA vaccine and died 7 h later.**
Myocarditis also occurred after mRNA COVID vaccines in paediatrics

Table 1
Eligibility criteria.

No. Criteria Description

1. Study Design Inclusion: Case-reports-case-seriesExclusion: A
review article, clinical study, clinical trials,
cohort studies

2. Population Inclusion: People who received COVID-19 vacci-
nationExclusion: N/A*

3. Intervention Inclusion: COVID-19 vaccinationExclusion: N/A*

4. Outcome Inclusion: Cardiovascular eventsExclusion: N/A*

5. Language Inclusion: EnglishExclusion: N/A*

6. Time of Publication  Inclusion: No beginning date- January

2022Exclusion: N/A*

*N/A; Not Applicable.
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Fig. 1. Flowchart of study selection.

as reported for a 17 years old boy,®° and a 14-year-old male sub-
ject.!°8 Istampoulouoglou et al. reported a series of 9 cases with peri-
myocarditis, 5 myocarditis cases, and 3 pericarditis cases.’> Another
case series study reported 9 cases of acute pericarditis of them seven
received mRNA vaccines BNT162b2 and mRNA-1273, and 2 cases
received AZD1222.°° Several more case-report studies documented
myocarditis or recurrence of acute myocarditis after receiving mRNA
vaccination against COVID-19 infection,””!1:17:18:20,22,24,37-3941-43,
47-55,57-68,71,72,75,77,80,81,83,88,90,91,98,109,110,123 MyOCafditiS was
reported to be more common in patients who received the COVID-19
mRNA vaccine versus the non-mRNA vaccine, and it was also more
common in patients who received the vaccine for the second time. It
was also found to be more common in men and patients aged 16 to
39 years.!24125

Non-mRNA vaccines (vector-based vaccines/ inactivated vaccines)

A recent systematic review on myocarditis after COVID-19 vacci-
nation reported only one case after Astra Zeneca, one case after Sput-
nik V injection, and one case after vector Johnson & Johnson, out of a
total of 277 cases.'?° A 32-year-old female case developed myocardi-
tis on the third day after receiving the first dose of the AstraZeneca.
The patient started experiencing inappropriate exertional

tachycardia and exertional dyspnea.''' A case report of myocarditis
following the administration of the Janssen vaccine in a healthy,
young male also has been reported.''? A study in Brazil reported a
47-year-old African-American male patient with type 2 diabetes and
a previous history of COVID-19 infection. He had heart failure as a
result of myocarditis after the second dose of an inactivated COVID-
19 vaccine.”® Other studies reported no myocarditis incidence in a
subject receiving inactivated COVID-19 vaccine.'?%!'?” A population-
based study also showed that mainly, two mRNA vaccines mRNA-
1273 (Moderna) & BNT162b2 (Pfizer-BioNTech) were more associ-
ated with increased risks for myocarditis/pericarditis compared to all
other vaccines forms including viral vector vaccines of Ad26.COV2.S
(Janssen) and AstraZeneca.'”®

Proposed mechanisms for COVID-19 vaccines induced- Myocarditis

The existence of modest residual quantities of double-strand RNA
(dsRNA) in mRNA COVID-19 vaccine preparations has been
documented.'?*'%° Double-strand RNA (dsRNA) is well-known for
inducing immune-inflammatory responses. The presence of dsRNA in
vaccine nanoparticles might be the source of the unsolved instances
of myocarditis.'?*!° Patients who have experienced a past or recent
experience of myocarditis constitute a prospective "susceptible”
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Reviewing the severity of post-COVID-19 vaccination cardiac manifestations, treatments, and outcomes.

Cardiac event

Manifestations/diagnosis
criteria

Treatment

Outcome

Incidence in vaccine groups

Myocarditis/ Pericarditis

Takotsubo cardiomyopathy
(TTC)

Myocardial infarction (MI)

Chest pain, pulmonary edema,
inappropriate exertional

tachycardia, exertional dysp-
neaThe diagnosis of myocardi-

tis was established after a
cardiac MRI

Chest pain, transitory left ven-
tricular failure, electrocar-
diographic abnormalities, an
increased troponin level, the
lack of occlusive coronary
artery disease

Chest pain/discomfort

Medication and rest(admission
based on patient risk)

Admission to the hospital and
supportive care

Admission to the hospital and
management based on

Patients felt better quickly and
following an improvement in
their symptoms, patients can
typically resume their regular
daily activities

All patients recovered from their
symptoms, patients can typi-
cally resume their regular
daily activities

Some patients developed heart
failure, some cardiogenic

70- 80% of the patients received
the mRNA COVID-19 vaccine,
while 20- 25% received other
types.29'124"25

80% of the patients received the
mRNA COVID-19 vaccine,
while 20% received other
types.'?

No exact statistics were found

guidelines

vaccine-induced thrombotic
thrombocytopenia (VITT)/ pul-
monary embolism (PE)

Breathlessness, Pain in the chest
or stomach, swelling or cold-
ness in a leg, severe or wors-
ening headache or blurred
vision after vaccination, per-
sistent bleeding, reddish or
purplish spots, or blood blis-
ters under the skin

count

Admission to the hospital, treat-
ment with nonheparin antico-
agulation, followed by a rapid

increase in platelet
102,106

shock, some were intubated,
and some had cardiovascular-
related mortality
Thrombocytopenia associated,
pulmonary embolism and por-
tal vein thrombosis is more
frequently in women under 55

Most frequently reported after
the use of the Vaxzevria
(AstraZeneca) vaccine(106),
next after the use of Janssen,
and rarely by the use of mRNA
vaccines

population that poses a treatment problem. In this population,
patients are discouraged from obtaining COVID-19 immunization in
the first 6 months after the onset of illness or in the context of chronic
or relapsing troponin release.'®' Most patients who received care for
myocarditis or pericarditis responded well to medication and rest,
with benign clinical course. It is worth noting that individual and
public health advantages of COVID-19 immunization outweigh the
modest risk of myocarditis following vaccination which could be
resolved usually within days or weeks.%!>?

Takotsubo cardiomyopathy (TTC)

Takotsubo cardiomyopathy (TTC) is an acute transient left ventric-
ular systolic dysfunction, after physical or emotional stress that is in
differential diagnosis with myocardial infarction. Adrenergic stimuli,
coronary vasospasm, microvascular dysfunction, inflammation, and
alteration in cellular metabolism have been proposed to be responsi-
ble for this entity.'**

mRNA vaccines

A systematic review study on the prevalence of TTC after receiving
COVID-19 vaccines included 10 case reports and their results showed
that 80% of the patients received the mRNA vaccines, while 20%
received other non-mRNA vaccines.'** According to their results, TTC
happened more frequently in female subjects compared to male sub-
jects (90% vs. 10%), and in half of the subjects, TTC occurred after
receiving the first dose."®* Boscolo et al. reported a TTC case related
to a healthy 30-year-old Asian female subject following mRNA
COVID-19 vaccination (Pfizer).*° A case of an 80-year-old woman on
maintenance hemodialysis who developed TTC 4 days after adminis-
tration of the first dose of the Pfizer-BioNTech COVID-19 vaccine also
has been reported,®> and a 73-year-old woman with recently diag-
nosed myocardial infarction (MI) found to have TTC immediately a
day after administration of mRNA Moderna vaccine.5®

Non-mRNA vaccines (vector-based vaccines/ inactivated vaccines)
There are reports of TTC after COVID-19.”%!!® Three cases of TTC

have been reported for vector-based vaccines; a case of TTC for cha-

dox1 Nov-19 adenoviral vector vaccine (AstraZeneca) was reported

in a 72-year-old male subject." Another case of TTC was also

reported short term following AstraZeneca injection.”® The third case
reported by Stewart et al. was an unusual female case of TTC who
was the first case of a patient on hemodialysis and showed TTC symp-
toms 8 days after receiving the second dose of the DNA ChadOX1
nCOV-19 (AZD122) vaccination.”® TTC was verified based on the
results, which included transitory left ventricular failure, electrocar-
diographic abnormalities, an increased troponin level, and the lack of
occlusive coronary artery disease. We found no reports of TTC caused
by inactivated COVID-19 vaccines. An exclusive systematic review of
the TCC cases following COVID-19 vaccination also reported no cases
after inactive COVID-19 vaccination.'**

Recommended mechanisms for COVID-19 vaccines induced-TTC

Most of the participants who experienced TTC were female, and
their age range for DNA vaccine [vector-based vaccines was around
50 years old, but for mRNA vaccines, it was around 60 years old.
Acute emotional or physical stress increases cortisol hormone and
catecholamine levels and their bioavailability in the blood, which
mediates many routes such as direct damage of muscle cells, micro-
vascular malfunction, and pericardial coronary artery spasm that all
of these pathways are associated with TTC."*> TTC patients have
impaired neural networks in limbic brain regions such as the amyg-
dala, prefrontal cortex, and hippocampus during stress.'>* Risk fac-
tors for COVID-19 vaccine-TTC reported as sex, age, and anxiety
about the vaccine.®® The overall rate of TTC incidence after COVID-19
vaccination is rare, but can be life-threatening. Chest pain should be
taken seriously as an alarming symptom.'**

Myocardial infarction (MI)

mRNA vaccines

A case-series study in the UK reported an increased risk of MI after
BNT162b2 (Pfizer-BioNTech) mRNA vaccination.”® Sung et al.”” and
Kunis et al.°° reported 2 cases and 1 case of MI, occurred 24 h post-
vaccination with mRNA vaccines respectively. A population-based
study reported the short-term risk of severe cardiovascular events
including MI in people aged 75 years or older following the adminis-
tration of BNT162b2 mRNA COVID-19 vaccination.!’ A WHO report
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also confirmed that vaccines related to MI, cardiac arrest, and circula-
tory collapse were observed in the age group >75 years.'*°

Non-mRNA vaccines (vector-based vaccines/ inactivated vaccines)

A 40-year-old man with no history of cardiovascular disease man-
ifested with retrosternal chest discomfort 8 days after receiving the
ChAdOx1 nCov-19 vaccination against COVID-19, ST elevation in the
electrocardiogram and regional wall motion abnormality in echocar-
diography. His-blood testing revealed a high level of p-dimer, a tropo-
nin of 3185 ng/L with a strongly positive platelet factor-4 (PF-4)
antibody test. On coronary angiography, an obstruction of the left
anterior descending coronary artery was discovered. His-platelet
counts increased after 6 days, and his PF-4 antibody, p-dimer, and
troponin levels decreased. After 14 days, he was successfully dis-
charged.®” Hsu et al. also reported a case of 33 years old male subject
who presented acute ST-Segment elevation MI following ChAdOx1
nCoV-19 vaccination in Taiwan.’*

Recommended mechanisms for COVID-19 vaccines induced-MI

Some hypotheses can be made since there is currently no experi-
ment being conducted to specifically examine the incidence of MI
among recipients of the COVID-19 vaccine. First, it has been proposed
that the thrombotic phenomenon following vaccination was caused
by vaccine-induced thrombotic thrombocytopenia (VITT) as a possi-
ble mechanism, a condition related to heparin-induced
thrombocytopenia.''*>!'® The second hypothesis is that after vaccina-
tion, a supply and demand mismatch occurs in a diseased cardiovas-
cular system.'®” It is also possible that a vasospastic allergic MI
known as Kounis syndrome occurred in response to COVID-19
vaccines.”*®13° However, the pathogenic mechanism underlying
most cases remains undetermined.'!”

Pulmonary hemorrhage/ pulmonary embolism/ thrombotic
thrombocytopenia (VITT)

mRNA vaccines

Al-Rasbi et al. presented a 37-year-old man with myocarditis, pul-
monary edema, and pulmonary hemorrhage 12 days after receiving
the first dose of Pfizer mRNA COVID-19 vaccination. He responded
favorably to a 5-day course of intravenous methylprednisolone and
immunoglobulin.>* A case-series study also reported a short-term
risk of pulmonary embolism (PE) among French residents aged
75 years or older after receipt of the BNT162b2 mRNA injection.'' A
study in Italy also reported a combination of acute exacerbation of
interstitial lung diseases and PE in an elderly patient after booster
mRNA vaccination against COVID-19.1% A study in Saudi Arabia also
reported a 78-year-old case with PE one day after receiving the sec-
ond dosage of the Pfizer vaccine.!®> Another case of a healthy 24-
year-old young man with PE due to the Pfizer vaccine also reported
that his symptoms started 6 h after administration of the second
dose of vaccine.'® Idiopathic pulmonary fibrosis also was found after
the Pfizer vaccine which was successfully treated with a short course
of glucocorticoids.'%

Non-mRNA vaccines (vector-based vaccines /inactivated vaccines)

VITT has emerged as a rare side effect of adenoviral vector-based
vaccines against coronavirus disease 2019 (COVID-19) and is most
frequently reported after the use of the Vaxzevria (AstraZeneca) vac-
cine.'°® A 73-year-old case with PE was reported two weeks after
receiving inactivated COVID-19 vaccine.'”” A study in Germany
reported a case with life-threatening bilateral PE as a complication of
vaccine-induced thrombotic thrombocytopenia (VITT) after the first
dose of the Oxford-AstraZeneca vaccine.!®! A rare case of small seg-
mental PE and VITT was reported for a 47-year-old woman 0 days
after receiving the AstraZeneca vaccination.'®” A case with VITT and
PE was reported13 days after receiving the single dose of Janssen

vaccines.'°® Based on early clinical suspicion, the patient was treated
with corticosteroids and intravenous immunoglobulin, which
resulted in a rapid increase in platelet count, allowing full-dose anti-
coagulation to be administered on time. However, intravenous
immunoglobulin treatment may mask the ability of anti-platelet fac-
tor 4-heparin antibodies to bind and activate platelets in the presence
of heparin, resulting in false-negative immunoassay functional test
results.

Recommended mechanisms for COVID-19 vaccines induced-VITT

Antibodies that target platelet factor 4 (PF4, also known as CXCL4)
are responsible for VITT. The low affinities of platelet Fc-Ila receptors
to these antibodies, which are immunoglobulin G (IgG) molecules,
activate platelets.!#*!“! Investigations are being conducted to deter-
mine the mechanism(s) by which the implicated vaccines cause the
production of new antibodies (and/or immune stimulation of
already-existing antibodies). According to an evolving model, the
vaccine stimulates the formation of neoantigens (the first struck) and
a systemic inflammatory response (the second struck), which
together cause the production of anti-PF4 antibodies. Virus proteins
from the HEK3 cell line and free DNA are examples of vaccine compo-
nents that could bind to PF4 and change its conformation, creating a
neoantigen. According to preliminary research, adenoviral hexon
proteins bound to PF4 may be to blame,!!#141:142

Conclusion

Our study showed that myocarditis was the most reported post-
COVID19 vaccination cardiac event. All reported cardiac events
including myocarditis, TTC, MI, and VITT occurred most frequently
after receiving mRNA vaccines (Moderna & Pfizer-BioNTech). In the
case of vector-based vaccines and/or inactivated vaccines, the preva-
lence of myocarditis and TTC were lower. Myocarditis was also more
common in men between the ages of 16 and 39. Ml/cardiac arrest
was observed in the age group >75 years and was very rare. There
have been no reports of TTC occurring after the injection of inacti-
vated COVID-19 vaccines. Finally, the personal and public health
advantages of COVID-19 immunization much outweigh the modest
cardiac risk of that, which usually disappears in a matter of days or
weeks. Reporting bias, regarding more available mRNA vaccines in
developed countries, may conflict these results.
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